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[57] ABSTRACT 

A process for preparing relatively thick composite lami- 
nate structures wherein thin layers of prepreg tapes are 
assembled, these thin layers are cut into strips that are 
partially cured, stacked into the desired thickness with 
uncured prepreg disposed between each layer of strips 
and the thus formed laminate finally cured and thereaf- 
ter machined to the desired final dimensions. 

11 Oaims, 2 Drawing Figures 
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CUT A PLURALITY OF RESIN 
IMPREGNATED FIBER TAPE INTO 
A PLURALITY OF DESIRED 
LENGTHS 


STACK THE LENGTHS TO OBTAIN 
THE DESIRED THICKNESS 


PARTIALLY CURE THE STACKED 
ASSEMBLY INTO A UNITARY MASS 
UNDER VACUUM, PRESSURE AND 
INCREMENTAL INCREASING TEMPER- 
ATURE TO 350®F and MAINTAIN 
FOR APPROXIMATELY 10 MINUTES 


COOL WHILE MAINTAINING PRESSURE 
AND VACUUM AND CUT INTO A 
PLURALITY OF STRIPS 


STACK STRIPS VERTICALLY WITH 
TWO PLYS OF UNCURED PREPREG 
TAPE BETWEEN EACH LAYER ; 


CURE THE STACKED STRIPS INTO 
A UNITARY STRUCTURE UNDER 
VACUUM, PRESSURE OF APPROX- 
IMATELY 85 PSI, AND INCREMENTAL 
INCREASING TEMPERATURE TO 350"F 
AND MAINTAIN FOR APPROXIMATELY 
30 MINUTES 


COOL WHILE MAINTAINING PRESSURE 
AND VACUUM; AND, MACHINE INTO 
THE DESIRED SIZE AND SHAPE. 


FIG. 1 
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COMPOSITE LAMINATION METHOD 
ORIGIN OF THE INVENTION 

The' invention described herein was made by an em- 5 
ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental 'purp)oses without the payment of any 
royalties thereon or therefor. 

BACKGROUND OF THE INVENTION 

Contemporary and future aerospace vehicle struc- 
tural requirements appear to find advantageous features 
in' the recent advances in filamentary composite materi- 
als. Structural designs utilizing composite materials to IS 
exploit the unidirectional nature thereof appear promis- 
ing in aerospace structural components. Relatively thin 
resin preimpregnated carbon, graphite and other fiber 
tapes are commercially available wherein the. fibers are 
parallel monofilaments that extend the length of the 20 
tape. Thin laminates of these tapes have been utilized 
heretofore but efforts to cure thick laminate sections 
have been difficult and have resulted in low quality of 
uneven physical property characteristics due to the 
entrapment of air or polymer by-products within the 25 
laminate caused by premature cure of the outer perime- 
ter areas that close off the venting paths of the by-pro- 
ducts and air. This has also caused density variation 
through the laminates since, as the thicker laminate 
warms and becomes viscous, the laminating pressures 30 
usually cause more resin flow or movement than de- 
sired to thereby create a washing effect or disorienta- 
tion of the fibers and a resulting reduction of the direc- 
tional strength. Further, as these prior art attempts to 
form thick laminates were cured, the chemical reactions 35 
of. the polymer created heat via exothermic reactions 
faster than the surrounding surface could dissipate it. 
T^is caused the polymer to boil off by-products faster 
than they could escape with a corresp)onding tempera- 
ture increase accelerating the cure and trapping bubbles 40 
in the laminate. 

There is therefore a definite need in the art for a 
process to prepare relatively thick laminate sections of 
composite materials for use in aerospace vehicle struc- 
tures. 45 

Accordingly, it is an object of the present invention 
to provide a new and unobvious process for laminating 
and curing relatively thick sections of resin preimpreg- 
nated fiber tape. 

Another object of the present invention is a process 50 
for making laminate composite structural elements hav- 
ing controlled orientation of the monofilament fibers in 
the laminates. 

A further object of the present invention is a process 
to produce void free thick composite laminates. 55 

An additional object of the present invention is a 
process for securing partially cured composite lami- 
nates together to form a unitary structure. 

BRIEF DESCRIPTION OF THE INVENTION 

According to the present invention the foregoing and 
other objects are attained by cutting a plurality of equal 
lengths from a resin impregnated fiber tape, stacking 
these lengths of tape longitudinally upon each other to 
obtain the desired thickness, partially curing the stack- 65 
ing assembly into a unitary mass under vacuum, exter- 
nal pressure and while incrementally increasing the 
temperature 2-3° F. per minute to 350° F. and maintain- 
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ing this temperature for approximately ten minutes. 
This partially cured assembly is then permitted to cool 
to room temperature, maintaining the vacuum and ex- 
ternal pressure thereon until the temperature drops to as 
least 150° C. This partial cure time and temperature is 
controlled such that the degree of the cure temperature 
is only sufficient to lock the fibers in place, eliminate 
voids and to produce laminates capable of 'withstanding 
physical handling, cutting and machining. The cooled 
partially cur^ assembly may then be cut into a plurality 
of strips. This plurality of partially cured strips are 
stacked vertically in layers atop each other with two 
plies of uncured prepreg tape disposed between each 
layer. This stacked assembly is then finally cured into a 
unitary structure under vacuum, an external pressure of 
approximately 85 psi and an incremental increasing 
temperature to 350° F. that is maintained for approxi- 
mately thirty minutes for final cure. The cured structure 
is then permitted to cool to room temperature while 
maintaining the vacuum and external pressure until the 
temperature drops to at least 150° F. After cooling, the 
structure may be machined into the final desired size 
and shape. 

The prepreg tapes, as mentioned hereinbefore, are 
commercially available and the term “prepreg” is a 
term of art denoting preimpregnated unidirectional 
continuous filament fiber materials that may be temper- 
ature cured to provide a rigid composite structure. The 
prepreg employed in the specific illustration herein was 
the Hercules Incorporated’s magnamite prepreg-type 
3501-AS. This is a graphite fiber epoxy and employs a 
thermosetting epoxy resin matrix that cures at 
350° ± 10° F. for a period of 30 ± 5 minutes. The ther- 
mosetting epoxy resin is tetraglycidylmethylenediani- 
line, and is available from CibaGeigy Corporation as 
MY-720. In an analysis of one lot of Hercules’ 3501-AS, 
the AS graphite fibers constituted 63.8 percent by 
weight while the resin matrix made up the remaining 
36.2 percent. This 36.2 percent was analyzed and for 
each 100 parts by weight of resin, there was found 32 
parts by weight of diaminodiphenylsulfone curing agent 
and 1.5 parts by weight accelerator. An example accel- 
erator employed is boron trifluoride' monomethylamine 
complex, BF 3 .MEA or Ozark-Mahoney’s Resicure-2. 
The “AS” in Hercules’ 3501-AS denotes the grade of 
graphite fiber employed in the prepreg. According to 
the manufacturer, the graphite fibers in 3501-AS graph- 
ite-epoxy prepreg have a diameter of 7.8-8. 1 microns, 
an average density of 0.0645-0.0660 Ib/in^ and a modu- 
lus of 30— 34 X lO^psi. The 3501 resin has a modulus of 
0.5 X 10* psi and a Poisson’s ratio of 0.350. Other pre- 
preg systems are commercially available from different 
manufacturers under a variety of tradenames. For ex- 
ample, the Whittaker Corporation of Costa Mesa, Cali- 
fornia markets a prepreg tape under the tradename 
RIDIGITE 5208 employing a thermosetting resin cur- 
ing at 355° ± 10° F. for a period of 120 ± 5 minutes 
employed as a matrix with a variety of carbon fibers to 
prepuce RIGIDITE prepreg that would be equally 
applicable in the practice of the present invention with 
minor adjustments made for the curing times and tem- 
peratures for the specific resin in the prepreg. 

The impregnation of the carbon or other fibers to 
prepare prepregs is a hot melt process that is free of 
solvents to provide outstanding handling characteris- 
tics, tack, long out time, and essentially void-free lami- 
nates. After impregnation with the epoxy, the resulting 
prepreg is cut into the desired width and rolled for 
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storage under refrigeration in the temperature range of 
0° F. or below and in a sealed container. The storage life 
of the prepreg at these temperatures is at least six 
months although the manufacturers normally only pro- 
vide a warranty period of ninety days. If maintained at 5 
room temperature i.e., 70° ±5° F, the storage life is 
approximately fourteen days. The graphite or carbon 
fibers utilized in making the prepreg are available in 
various diameters from numerous commercial sources, 
for example, Hercules, Morganite, Stackpole, Union 10 
Carbide and others. In one specific example of the 
Whittaker Corporation product, the prepreg was RIGI- 
DITE 5208-T-300 wherein the T-360 refers to Union 
Carbide’s tradename Thornel 300 graphite fibers. These 
and all other fibers contemplated in use of the present 15 
invention are continuous type fibers that extend the 
length of the prepreg tapes. Other prepreg tapes that are 
suitable in practice of the present invention are com- 
mercially available from the 3-M Company, Fiberite 
Company and others. Although the prepreg tapes are 20 
sold commercially in various widths, from slit widths as 
narrow as 0.376 inch to twelve inch widths, the most 
commonly used width is three inches. These widths 
may be cut when ready for use to that desired for the 
particular application. Also, the thickness of the pre- 25 
preg tapes that are commercially available vary from 
those providing a cured ply thickness in the range of 
0.0015 inch to 0.0025 inch for ultra-thin applications to 
the standard range of 0.005 inch to 0.008 inch as em- 
ployed in the specifically desired application herein. 30 
The cured thickness of a single ply or layer is primarily 
dependent upon the graphite fiber diameter with the 
prepreg tapes having a fiber content of 58 ± 3% by 
volume and an epoxy content of 42 ± 3% and with a 
60—40% graphite/epoxy being preferred. 35 

A more complete appreciation of the invention and 
many of the attendant advantages thereof will be 
readily apparent as the same becomes better understood 
by reference to the following detailed description when 
considered in connection with the accompanying draw- 40 
ings wherein: 

FIG. 1 is a flow chart representing various steps in 
the process of the present invention; and 

FIG. 2 is a part sectional view of a laminate lay-up 
ready for positioning in a heated pressure vessel. 45 

Referring now to the drawings and more particularly 
to the flow chart of FIG. 1, a plurality of equal lengths 
9 of the prepreg tape selected are cut and laid out on a 
clean surface, such for example, an aluminum or stain- 
less steel plate. When the width of the final structure to 50 
be built exceeds the width of the tape employed, the 
various lengths of tape are combined by overrlapping a 
side portion of an adjacent length to provide the neces- 
sary width. Each layer or ply of the thus formed wide 
surface area or ply is provided with staggered amounts 55 
of overlap between the adjacent tape sections forming 
the ply to prevent undue bulges at these “seams” in the 
final lay-up of multiple plies. 

The plurality of lengths thus formed are stacked to 
obtain the desired thickness. In a specific example, 60 
twenty-five layers or plies of six-inch lengths of three- 
inch wide tape were stacked by hand lay-up to form a 
thin laminate 11 approximately one-eighth inch thick. 

Referring now more particularly to FIG. 2, the 
mechanism for facilitating cure of this lay-up is shown 65 
and designated generally by reference numeral 10, In 
this lay-up, the stacked or uncured material 11 is posi- 
tioned on a stainless steel caul plate 12 with a 0.002-inch 
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teflon coated glass cloth 13 serving as a separator there- 
between. A second identical separator cloth 15 is posi- 
tioned atop the uncured material stack or laminate 11 
and a glass bleeder cloth 17 placed over separator cloth 
15. This glass bleeder cloth is available in .008-inch 
thickness and one layer of this thickness is employed for 
each four layers in laminate II to absorb resin pressed 
from , the assembly during pressure application to the 
laminate. Also, a cork dam 19 is disposed around lami- 
nate 11 to prevent resin loss during the laminate cure 
cycle. A vacuum bag 21 or membrane, such for example 
Nylon-6 film, is disposed over the entire assembly and 
sealed to caul plate 12 via a suitable vacuum sealing 
compound 23, such for example “Blue Strip.” Bag 21 is 
connected to a suitable vacuum pump, not shown, for 
evacuating the laminate 11 during cure. 

Caul plate 12 serves as part of the vacuum unit, as a 
tool for inserting lay-up 10 into a hydraulic press pres- 
sure vessel, not shown, and as a support surface for the 
bottom of laminate 11 during the cure cycle. 

For partially curing, a full vacuum (30 inches mer- 
cury) was applied to the assembly and the temperature 
raised from room temperature to 350° F. in increments 
of 2°-3° F. per minute. When the temperature reached 
225° F. an external pressure of 85 psi was applied to the 
assembly. The vacuum, external pressure and 350° F. 
temperature was held for ten minutes or one-third of the 
time required for final cure of the prepreg manufac- 
turer’s recommendation. The assembly was then per- 
mitted to cool to room temperature with the vacuum 
and external pressure maintained until the temperature 
dropped below 150° F. 

At this stage of partial curing the laminate is a unitary 
mass having the fibers locked in place and is capable of 
withstanding physcial handling, machining and cutting 
as desired. This partially cured laminate in the specific 
example above was cut into strips (FIG. 1) approxi- 
mately one and one-fourth inch wide by six inches long 
and parallel with the fiber orientation. The cut strips 
were stacked vertically atop each other with two plies 
of raw or uncured prepreg tape of equal dimensions and 
parallel fiber orientation interposed between each lami- 
nate strip. This stacked strip assembly was placed be- 
tween separator and bleeder plies' as before, returned to 
the vacuum bag and hydraulic press. 

Final cure was affected by applying a full vacuum to 
the assembly, raising the temperature to 350° F. in incre- 
ments of 2-3° F. per minute and during heat-up, apply- 
ing and maintaining an external pressure of 85 psi to the 
assembly when the laminate temperature reaches 225° 
F. This vacuum, external pressure and 350° F. tempera- 
ture are maintained for thirty minutes. The assembly 
then was permitted to cool to. room tempwrature while 
maintaining the vacuum and external pressure until the 
temperature dropped below 150° F. 

After cooling to room temperature, the final cured 
structure 25 was machined to the desired contour, size 
and exterior configuration in a conventional manner. 

Composite structural elements formed by the above- 
described process are essentially homogeneous 
throughout and possess linear elastic and transversely 
isotropic physical property characterics. Although the 
above specific example denotes specific times and tem- 
peratures for the resin cure system, slight variations in 
these parameters are required for different resin systems 
and as part of the particular manufacturer’s specifica- 
tions. 
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The present invention is also readily adaptable to 
fabrication' of entire engineered structures or. compo- 
nent parts of aerospace vehicles, and the;like.; For exam- 
ple, structures containing thick s^dons such, as ribs, 
channels, bosses, etc., may be. adjoin^ to thin skins of 'S 
like materials by machining and finalizing .the shape of 
the final structure while in the partially or final cured 
state and thereafter interposing two., plies of uhcured 
prepreg between the machined structure and the thin 
partially or final cured skin. Thereafter, the final cure *0 
process described hereinbefore is followed to cure the 
structure and skin into a unitary final configuration. 
This curing assembly process eliminates the need for a 
bonding process to attach vehicular skins as well as 
avoiding the possible detrimental or unnecessary ther- ** 
mal or mechanical connections which could lead to 
internal stresses within the structure. Thus, the entire 
vehicular skin could be attached by use of the present 
invention to provide a more homogeneous vehicular 
structure. 

Also, although the specific embodiment described 
hereinabove maintains parallel orientation of the fibers 
in adjacent layers or plies, this is not required and in 
some instances it may be desirable to lay-up the various 
layers in different angular fiber orientation. Thus, any 
angular relationship of the fibers in adjacent layers or 
plies between the 0° and 180° i.e., 1° to 179° is also 
considered within the teachings and scope of the pre- 
sent invention. In each instance the uncured or raw 
prepreg layers employed would have the fiber orienta- 
tion thereof parallel with that in the adjacent cured or 
partially cured layer. 

Also, although the specific examples described herein 
are concerned with graphite or carbon fiber prepreg , 35 
systems, the invention is not so limited. For example, 
thick composite structures may be constructed accord- 
ing to the present invention utilizing continuous fila- 
ment boron fibers in an epoxy matrix prepreg, as well as 
a commercially available prepreg utilizing DuPont’s. 4 ^ 
Kevlar fibers in an epoxy matrix. As in the graphite 
systems, these prepregs are available in various widths, 
strengths and thicknesses and may be selected, cut and 
laid up to suit the needs of the structure being con- 
structed. . 45 

It is therefore to be understood that the description of 
the specific example described herein is to be taken as 
the preferred embodiment only, and that the invention 
may be practiced otherwise than as specifically de- 
scribed. Thus, various modifications and variations are 50 
considered possible in the light of the above teachings. 

It is therefore to be understood that the invention 
may be practiced otherwise than as specifically de- 
scribed. 

What is claimed as new and desired to be secured by 55 
Letters Patent of the United States is: 

1. A process of preparing structural components of 
composite laminates comprising: 

providing prepreg resin impregnated fiber tape mate- 
rial having the fibers therein running the length of 60 
the tape, 

cutting the prepreg tape into a plurality of desired 
lengths, 

stacking the plurality of lengths of tape in layers to a 
predetermined thickness while maintaining the 65 
same fiber orientation for each layer, 

partially curing the stacked tape assembly into a uni- 
tary mass under vacuum for approximately ten 
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■minutes and at an elevated temperature of at least 
350° F.,- 

cooling the partial cured mass and cutting it into a 
plurality of strips along the parallel orientation of 
the fibers, r 

stacking this plurality of strips vertically in layers 
: '. atop each other with two strips of uncured prepreg 

tape disposed between each of the plurality of lami- 
nate strips, 

curing the stacked layer strips into a unitary structure 
under vacuum,, pressure and an elevated tempera- 
ture of at least 350° F. for least thirty minutes, 

cooling the cured structure to a minimum of 150° F. 
while maintaining the pressure and vacuum, and 
after allowing to cool to room temperature, 

machining the unitary structure formed into the final 
desired size and shape. 

2. The method of claim 1 wherein the step of partially 
curing the stacked tape assembly into a unitary mass 
includes, placing the stacked assembly between separa- 
tor cloths and fiberglass bleeder cloths, bagging the 
resulting stack assembly in a vacuum bag, and placing 
the bagged assembly in a pressure vessel. 

3. The method of claim 2 wherein the bagged stack 
assembly in the pressure vessel is heated from room 
temperature to 350° F. in increments of 2°-3° F. per 
minute after the assembly is placed under full vacuum. 

4. The method of claim 3 wherein a pressure of 85 psi 
external pressure is applied and maintained to the as- 
sembly when the temperature thereof reaches 225° F. 

5. The method of claim 4 wherein the vacuum and 
external pressure are maintained until the temperature 
reaches and is maintained at about 350° F. for approxi- 
mately ten minutes. 

6. The method of claim 5 wherein the vacuum and 
external pressure are maintained while permitting the 
assembly to cool to at least 150° F. prior to removal of 
the assembly from the pressure vessel. 

7. The method of claim 1 wherein the plurality of 
partially cured strips are stacked so as to maintain the 
fiber orientation of each layer in the stack parallel to 
that of the adjacent layer. 

8. The method of claim 1 wherein the plurality of 
partially cured strips are stacked in layers so as to main- 
tain the fiber orientation of each layer in the stack per- 
pendicular to that of the adjacent layer. 

9. The method of claim 1 wherein the plurality of 
partially cured strips are stacked in layers so as to main- 
tain the fiber orientation of each layer in the stack at an 
angular relationship to that of the adjacent layer in the 
range of 1° to 179°. 

10. The method of claim 1 wherein the fiber orienta- 
tion of the strips of uncured prepreg tape between each 
layer in the stack is disposed parallel with the fiber 
orientation of the adjacent layer of the stack. 

11. A process of preparing structural components of 
composite laminates and skin covers therefor compris- 
ing: 

providing prepreg resin impregnated fiber tape mate- 
rial having the fibers therein running the length of 
the tape, 

cutting the prepreg tape into a plurality of desired 
lengths, 

stacking the plurality of lengths of tape in layers to a 
predetermined thickness while maintaining the 
same fiber orientation for each layer. 
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partially curing the stacked tape a^mbly into a uni^ 
tary mass under vacuum and at an elevated temper- 
ature of at least 350°, 

cooling the partially cured mass and machining it into 
the desired conflguration, S 

preparing a partially cured prepfeg skin cover for the 
machined conflguration from layers of prepreg 
tape by the same process, 

positioning this partially cured skin onto the ma- 
chined conflguration so as to maintain parallel fiber 10 
orientation between the conflguration and skin and 
with two stnps of uncured prepreg tape disposed 
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between the conflguration and skin and having the - - 
fibers therein disposed parallel to the fibers in the 
conflguration and skin, 

curing the stacked conflguration and skin into a uni- 
tary structure under vacuum, pressure and an ele- 
vated temperature of at least 350° F. for at least f 

thirty minutes, and 

maintaining the pr^sure while cooling the cured t 

structure to a minimum of 150° F. while maintain- 
ing the pressure and vacuum. 
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